Background: Sclerosis of the sinus of valsalva correlates with cardiovascular disease burden. The anatomic proximity of the aortic root to the conduction system suggests potential association between sinus of valsalva sclerosis and conduction abnormalities.
atrioventricular sinus area who underwent aortic valve replacement surgery are significantly more likely to need temporary cardiac pacing than those without annular calcification [8] .
We analysed TEE loops and standard 12-lead ECGs of 129 consecutive patients, undergoing cardiologic work-up after TIA/ stroke, for sclerosis of the sinus of Valsalva and the presence of conduction abnormalities such as atrioventricular blockage (AVB), right bundle branch blockage (RBB), left bundle branch blockage (LBB) and sinus node disease (SND).
Materials and Methods

Patient population and patient baseline characteristics
We retrospectively analysed TEE studies and standard 12-lead ECGs of 129 consecutive patients at the Cardiology division of a tertiary care regional hospital in the greater Zurich area. Patient records were analysed for demographics, co-morbidities at or before the examination date, cardiovascular risk factors, and cardiovasculardrug therapy. Patients undergoing TEE for endocarditis evaluation or with congenital heart disease were excluded. The cantonal ethics committee of Zurich acknowledged retrospective data analysis for research purposes (KEK-ZH-Nr. 2014-0529).
To characterize the study population and to identify a potential correlation between arrhythmias and sinus valsalva sclerosis, the following parameters were tabled as baseline characteristics: Age, BMI, heart disease divided in coronary heart disease (1-, 2-or 3-vessel), dilated cardiomyopathy and valvular cardiomyopathy, dyslipidaemia, smoking, type II diabetes mellitus, hypertension, history of ST-elevation myocardial infarction, cerebrovascular insult, transient ischemic attack, peripheral arterial occlusive disease,
Background
Transesophageal echocardiography (TEE) allows precise evaluation of left atrial anatomy, including the auriculum as well as left ventricular output tract (LVOT), mitral valve, aortic valve and ascending aorta [1] . Because of its sensitivity for detection of thromboembolic sources in the left heart, TEE has become an important tool for the evaluation of patients with stroke or transient ischemic attack.
Patients with cardiac arrhythmias of different aetiologies often show calcifications of the aortic valve [2] , the LVOT, the sinus of Valsalva [3] or of the aorta [4] . Particularly, aortic valve sclerosis is frequently found in elderly people, and is associated with atrial flutter, left atrium enlargement and diastolic dysfunction [5] . Sinus of valsalva, dilation occurs in many patients with heart diseases, and its sclerosis predicts severe atherosclerosis of the aorta [3, 6] . There are, however, no data regarding a correlation between conduction abnormalities and sinus of valsalva sclerosis yet. This is somehow surprising, as cardiologists who frequently perform TEEs are aware of higher arrhythmia prevalence in patients with aortic sclerosis [7] . Moreover, patients with heavy annular calcifications around the Page -02 ISSN: 2332-3671 sclerosis of the aorta, ICD or permanent pacemaker device, and medications.
Transesophageal echocardiography
Transoesophageal echocardiography was performed according to the guidelines of the American heart association [9] and executed with Siemens Acuson SC2000, Z6Ms transducer. All procedures were digitally stored. Each loop was recorded over 3 ECG gated cycles and analysed independently by three experienced cardiologists. Sclerosis of the sinus of valsalva was defined as a hyperechogenic pattern of the sinus of valsalva with an acoustic shadow. Aortic valve sclerosis was defined as focal areas of valve thickening, typically located in the leaflet center with commissural sparing and normal leaflet mobility and evidence for impaired motility of at least 1 cusp with flow velocity below 2.5 m/s [10] . Plaques in the aorta were notified and classified according to the classification of Montgomery [11].
ECG analysis
All 12-lead standard ECGs were recorded with a Schiller Cardiograph model AT-10 Plus, at a paper speed of 25 mm/s. In our hospital we obtain standard ECG (10 electrodes) using the traditional configuration with the limb lead electrodes placed on the distal limbs. Conduction abnormalities were defined as, AV-block grade I or higher, LBB partial or complete, RBB partial or complete, sinus node dysfunction (refers to sinus bradycardia, chronotropic incompetence and/or sinus pause).
Statistical analysis
Quantitative variables were expressed as mean ± SD and categorical variables as frequencies or percentages. Different groups were compared with Chi-square tests, and exact fisher test, significance of correlation between two binary variables was checked with Pearson test of correlation, appropriate using SPSS 21.0 statistical software package (SPESS, Chicago, IL, USA). P values of < 0.05 were considered statistically significant. Tables 1 and 2 , 72 patients had sclerosis of the sinus of valsalva, 39 had aortic valve sclerosis. 30 of those had as well sinus valsalva sclerosis as aortic valve sclerosis. 67 patients showed plaques grades I-IV in the ascending aorta (see Table 3 ). Of 63 patients with arrhythmia or conduction abnormality, 30 had grade I or higher AVB (AVB grade 1: 22, AVB grade 2: 5, AVB grade 3: 3), 10 had SND, 27 showed LBB, and 12 RBB. 20 patients had atrial fibrillation and 6 atrial flutter. About one half of the patients had a history of cardiovascular pathology including coronary artery disease (27), valvular disease (22) , dilated cardiomyopathy (1), known cerebrovascular disease (64), and peripheral arterial occlusive disease (23). 3 patients had pacemakers. Table 4 summarizes medical treatments of the cohort.
Results
Patient baseline characteristics are shown in
Out of 63 Patients with arrhythmia, 42 presented a sinus valsalva sclerosis 21 did not and only 18 showed an aortic valve sclerosis. Of the 66 patients without arrhythmia 30 presented a sinus valsalva sclerosis (p=0.021, correlation coefficient 0.214) and 21 an aortic valve sclerosis (p=0.500). 43 patients showed disorders of the cardiac conduction system such as AVB, RBB, LBB and SND. 28 of those patients showed sinus of valsalva sclerosis (p=0.177). 18 of them showed aortic valve sclerosis (p=0.097). Of the patients without AVB, RBB, LBB or SND (N=86) 44 showed a sinus valsalva sclerosis and 21 an aortic sclerosis. Out of the 30 patients with AV-blockage grade I or higher, 26 had a sclerosis of the sinus of valsalva (p=0.000, correlation coefficient 0.342), 11 patients presented an aortic valve sclerosis (p=0.642). To exclude the possibility of iatrogenic AV-blockages, betablocking medication and calcium-channel-inhibitors were checked for this group: Only 4 of the patients with AV-blockage took a betablocker, 3 a calcium-channel-blocker. We therewith exclude that AV-node decelerating medication biased our results. 16 of 27 patients with left bundle branch blockage present a sclerosis of the sinus of valsalva, which is not significant (p=0.829). 7 of 10 patients with sinus node disease show a sclerosis of the sinus of valsalva what as well is not significant (p=0.508) and only 3 showed an aortic valve sclerosis. 6 of 12 patients with right bundle branch blockage have a sclerosis of the 27 of the 39 patients with atherosclerosis showed a sinus sclerosis as well, what is a significant result (p=0.043, correlation coefficient 0.178), only 13 presented a sclerosis of the aortic valve what is not significant (p=0.656). 57 of 67 patients with plaques in the aorta ascendens present a sinus sclerosis what is highly significant (p<0.001, correlation coefficient 0.640), only 25 of the patients with aortic valve sclerosis showed plaques in the aorta ascendes (p=0.965). 29 of 39 patients with aortic valve sclerosis show a sinus sclerosis as well (p=0.015, correlation coefficient 0.250). All other correlations between sinus sclerosis and the different parameters showed no significant results as visible in Table 5 .
Discussion
In this study we describe for the first time a correlation between calcification of the sinus of valsalva and the presence of conduction system abnormalities and arrhythmia. Of particular interest is the significant correlation between sclerosis of the sinus of valsalva and AVB despite the rather small study population and the fact, that this was independent of aortic valve sclerosis. With a correlation coefficient of 0.342 we can even show a medium correlation of these two parameters what can be seen as great advantage in a retrospective trial with a relatively small study population. Drugs like calcium-channel inhibitors, betablockers and digoxin are known to be related with cardiac conduction abnormalities, but mostly, these abnormalities are not directly induced by drugs [12] . Anyway importantly, only 7 of the 30 patients with AVB were treated with betablockers or calcium-channel inhibitors and none with digitalis. In the population without AVB, 30 patients were treated with betablocker and 10 with calcium-channel blockers.
As other risk factors for AVB coronary heart disease and myocardial infarction are known [13] , although the incidence of high grade AVB in patients with myocardial infarction is reduced since patients are treated with primary percutaneous intervention [14] . In this study, incidence of patients after myocardial infarction in the population with AVB is 3 of 30, incidence of patients with coronary heart disease is 6 of 30. We therewith can neglect that this is a major trigger for AVB in our population. However so far, no other study correlated sclerosis of the sinus of valsalva with arrhythmias and/or conduction abnormalities. There is indirect evidence from patients undergoing transcatheter aortic valve replacement that a thickened and calcified aortic root predicts AV conduction abnormalities on follow-up [15, 16] . Similarly, a high incidence of left bundle branch blockage was found after TAVI implantation [17] . In the context of transcatheter aortic intervention, however, the procedure requires the expansion of prosthetic devices, which might directly affect integrity of the adjacent conduction system in patients with aortic root calcification [18] . Accordingly, prosthesis depth and size were independent predictors for the occurrence of a new left bundle branch block. Moreover, it is not surprising that aortic root sclerosis is predictive for conduction abnormalities in TAVI. The relevance of sinus of valsalva sclerosis, however, has not been evaluated yet in this context.
In our cohort, analysis of conduction abnormalities also pointed to an association between sclerosis of sinus of valsalva and atrial fibrillation. These observations, however, are more difficult to interpret. The question therefore arises, whether sinus of valsalva sclerosis represents readout for structural atrial remodelling affecting the cardiac conduction system and electric activation in general. This is a striking hypothesis, but larger and prospective studies are certainly warranted to specifically address this question.
Sclerosis of the sinus of valsalva had been recognized as predictor for atherosclerosis. We could show a significant association between those two parameters nevertheless the correlation coefficient points only to a low correlation between them. This might be due to our rather small study population. Moreover, an inverse association between lumbar bone mineral density and atherosclerotic arterial calcium could be identified [3, 19] atherosclerosis often coexist age-independently even in relation to age matched controls [20] . In fact, lower bone density was significantly associated with calcified atherosclerosis on multivariable adjustment, even in some cases where traditional risk factors as hypertension and cholesterol were not. Consequently, these observations argue for a common pathogenic mechanism involving endothelial dysfunction and oxidized lipid metabolism [21, 22] . Such a pathogenic mechanism might well affect various cardiac structures including the conduction system. Further studies are needed to delineate a possible link between sinus of valsalva sclerosis, osteoporosis, and tachy-or brady arrhythmia.
Our study has several limitations. Its retrospective design is prone to selection bias. Given the fact, that almost all patients undergoing TEE had a history of stroke or TIA, prevalence of both, sclerosis of sinus of valsalva as well as atrial fibrillation is much higher in the study population than in age matched healthy subjects. On the other hand, retrospective analysis of standard ECGs also underestimates the true prevalence of conduction abnormalities, as well as its incidence in patients with sclerosis of the sinus of valsalva. Furthermore, for getting significant results despite the relatively small study population, patients with sinus valsalva sclerosis and aortic valve sclerosis were not classified mutually exclusive. This however would be necessary for prospective studies with larger study populations to clearly address the predictive impact of sinus of valsalva sclerosis as risk factor for arrhythmias and/or conduction abnormalities in the future. In such studies, sinus of valsalva sclerosis and aortic valve sclerosis should be analysed mutually exclusive and all other risk factors of cardiac conduction abnormalities have to be evaluated as well. Anyway that might be ethnically difficult as TEE is an invasive diagnostic method.
Despite these limitations, our data suggests a not yet described role for sinus of valsalva sclerosis as an indicator for disorders of cardiac conduction system.
In conclusion, sclerosis of the sinus of valsalva is associated with high prevalence of arrhythmias such as atrial fibrillation. Based on our data, we cannot exclude that other risk factors are causally linked to the described arrhythmias. However in this study we were able to show a correlation between sclerosis of sinus of valsalva and atrioventricular-conduction abnormalities.
